REMARKS 

Favorable reconsideration of this application in view of the remarks to follow and 
allowance of the claims of the present application are respectfully requested- 

Before addressing the issues raised in the Official Action, applicants have 
amended the claims in a manner as shown above. Support for the amendments is found at page 7, 
lines 21-25; page 8, lines 14-18; page 8, line 30 to page 9, line 9; page 9, line 22 to page 10, line 
2; and page 10, lines 17 to 29.of the specification. Since no new matter has been introduced, 
entry thereof respectfully requested. 

In the Official Action, regarding Claim 13, the Examiner requests applicant to 
recite the full name of MMDX then followed by the expression "(MMDX)". 

In response, applicants have made the change accordingly as reflected by Claim 
13, as presently amended. 

Further, Claims 1 8-23 and 26-33 stand rejected under 35 U.S.C. § 1 12, second 
paragraph, as allegedly indefinite. 

In response, applicants submit that the instant rejection has been obviated in view 
of the present amendments to the claims; therefore reconsideration and withdrawal of the same is 
respectfully requested. 

Further, Claims 13-14 stand rejected under 35 U.S.C. §103(a) as allegedly 
unpatentable over U.S. Patent 5,304,687 to Bargiotti et al (''Bargiotti et al") in view of Cancer 
Chemo. Pharm., 33, 10-16 (1993) to Kuhl et al C'Kuhl et al.") and the English Abstract of Gan, 
To Kagaku Ryoho,, 8 Pt2, 2562-2567 (August 1988) to Nakamura et aL, ("Nakamura et al")- 

In response, applicants submit that Claims 13-14, as presently amended, are not 
obvious over the applied references for the reasons set forth below: 
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1 A person ski lled in the art would not have reason or motivation to s ubstitute 
Adriamycin by MMDX. and have a reasonable expectation of suc cess that s uch modification 
would arrive at the presented claimed composition in treating liver cancer . 

Applicants submit that MMDX is a new type of anti-tumor drug relative to 
Adriamycin and has a completely different mechanism of action than Adriamycin. Specifically, 
MMDX and Adriamycin are two different chemical entities. As a matter of factj MMDX 
strongly differs from the most representative compound of the anthracycline class^ Adriamycin, 
owing to the presence of a bulky methoxymorpholino group in place of the primary amino group 
in position 3* of the sugar moiety. To make immediately perceivable this difference, the chemical 
structures of the two compounds are shown below: 




MMDX 

Furthermore^ it is well known that the pharmaceutical field is highly 
unpredictable. Such unpredictability substantially comes from differences of the chemical 
structures. Specifically, when the chemical structure is different, such structural difference will 
not only affect the physical and chemical properties of the compounds, but also it will 
profoundly affect the interaction between the compound and biological targets^ so influencing 
the mechanism of action and^ eventually, the biological activity of the compound. In this regard, 
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the structural difference of Adriamycin relative to MMDX has caused the two compounds to 
have completely different mechanisms of action. Specifically, it is well known that the activity 
of Adriamycin is due to its stimulation of DNA Topoisomerase II cleavage. On the contrary, 
MMDX has a completely different mechanism of action, as summarized below: 

a. The bulky substituent at 3' position of MMDX totally inhibits the effects on 
the enzyme Topoisomerase II , thus the cytotoxic potencies of the MMDX are not related 
to Topoisomerase II inhibition. See the Abstract of Capranico et al. Molecular 
Pharmacology, Vol 45, Issue 5, pp. 908-915, 1994 (referred to as "Exhibit 1"). 

b. MMDX interacts with DNA Topoisomerase I and stimulates DNA 
Topoisomerase I-induced cleavage at specific DNA sites. See the Abstract of van der 
Graaf et al, Cancer Chemoter Pharmacol (1995) 35: 345-348; the Abstract of 
Wassermann et al, Mol Pharmacol, 1990 My; 38(1): 38-45, Abst.; and the Abstract of 
Duran et ah, Cancer Chemoter. Pharmacol., 1996, 38, p210-216 (referred to as "Exhibits 
2-4" respectively). 

c. MMDX exerts its cytotoxic effect through a mode of action different from that 
of "classical" anthracyclines and is not mediated through topoisomerase II inhibition. 
See Mariani et al, Invest New Drugs, 1994; 12(2): 93-7, Abst. (referred to as "Exhibit 
5") 

In view of the above remarks, applicants submit that the above publications 
demonstrate that MMDX is profoundly structurally and mechanistically different from 
Adriamycin and should not be grouped as one of various Adriamycin analogues but as a new 
type of anti-tumor drug. Therefore^ a person skilled in the art would not have reason or 
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motivation to replace Adriamycin by MMDX, and have a reasonable expectation of success that 
such modification would be effective in treating liver cancer. 

2. A person skilled in the art \vould not have reason or motivation to administer a 
compos ition into the hepatic artery to treat liver cancer wher e , such com position comprises 
MMDX and a pharmaceutically acceptable agent which remains selectively in a liver tumor. 
after its i n jection into the hepatic artery > 

Applicants submit that there is a technical prejudice in the art against the intra- 
arterial administration of anthracyclines (including Adriamycin) characterized by in vivo 
conversion into highly toxic metabolites. In this regard, Pharmacokinetics and metabolism of 
anthracyclines, Robert, Jacques; Gianni, Luca; Cancer Surveys (1993), 17 (Pharmacokinetics 
and Cancer Chemotherapy), 219-52 at page 229 (page 229 is to be provided in due course) 
provides: 

"Another approach, as expected from equation 1, would be that of using 
anthracyclines with total body clearances larger than those of doxorubicin and 
epirubicin. Idarubicin and iododoxombicin would appear to be good candidates 
for this purpose. However, the faster clearance of the latter two anthracyclines is 
associated with an extensive metabolism to 13-dihydro metabolites , which are as 
active and as toxic as the parent drug. 

Since the liver is certainly involved in the metabolism of idarubicin and most 
likely plays a major part in the metabolism of iododoxorubicin, the application of 
equation 1 would be misleading and inappropriate, and the desired tumour 
selectively of the regional administration could be minimal. Furthermore, the 
he patic intra-arterial administration of these anthracyclines could result in a 
systemic exposure to active and toxic metabolites even lar g er than that observed 
with intravenous administration, as already shown for doxorubicinol in patients 
with hepatoma (Lee et aL, 1980), The desired tumour selectivity of the 
administration could then be muiimaL " (emphasis added) 

In view of the above, it is clear that the art teaches away from the idea of hepatic 

intra-arterial administration of MMDX. As explained in the specification (see page 2), MMDX 

is converted in vivo into a metabolite having an activity and a toxicity 10-fold higher than that of 
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the parent compound. Therefore, a person skilled in the art would not even attempt to try to use 
MMDX for the local intrahepatic treatment of hepatic tumors^ since MMDX would be converted 
there into a highly toxic metabolite, even in a larger amount than that observed with the systemic 
intravenous administration, and thus would cause significant toxicity to a human body, 

3. None of the applied references recoCTize the unex pected result of the present 

invention. 

Applicants submit that despite the fact that the art teaches away from hepatic intra- 
arterial administration of MMDX as demonstrated above, the present invention surprisingly 
recognizes that hepatic intra-arteriai administration of MMDX to a patient suffering from a liver 
tumor reduces the amount of MMDX needed by other administration means (thus reducing the 
systemic exposure to toxic metabolite of MMDX) without decreasing the MMDX's antitumor 
activity at the hepatic tumor site. 

In view of the above remarks, Applicants submit that the instant rejection has 
been obviated. Reconsideration and withdrawal of the instant rejection is respectfijlly requested. 

Further, Claims 18-33 stand rejected under 35 U.S.C. §103(a) as allegedly 
unpatentable over Bargiotti et al. in view of Kuhl et al, Nakamura et al, Gorbunova 
("Gorbunova"), "Intrahepatic Arterial Infusion Chemotherapy for Primary and Metastatic Cancer 
of the Liver," (1990), and U.S. Patent No. 5,626,862 to Berm et al (^^Berm et stir). 

In response, since Bargiotti et al, Kuhl et al and Nakamura et al. have been cited 
in this rejection for the same reasons as in the 103 rejection to Claims 13-14, applicants submit 
that above remarks regarding the 103 rejection to Claims 13-14 are equally applied to the instant 
rejection and therefore are incorporated therein by reference. Specifically, applicants have 
shown that a person skilled in the art would not have reason or motivation to substitute 
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Adriamycin by MMDX^ let alone administer a composition into the hepatic artery in treating 
liver cancer where such composition comprising MMDX and a pharmaceutically acceptable 
agent which remains selectively in a liver tumor after its injection into the hepatic artery. 

Further, applicants submit that Gorbunova and Berm et al. not only fail to 
overcome the deficiencies of Bargiotti et ah, Kuhl et al and Nakamura et al, as discussed above, 
but also fail to teach or suggest the administration of MMDX by the time period and frequency 
as presently claimed. 

Specifically, Gorbunova^ discloses administration and dosage of Adriamycin and 
5-fluorouracil for intrahepatic treatment of liver tumors. While Gorbunova teaches that 
intrahepatic administration creates super high concentration of an antitumor agent in the organ 
affected, it teaches that the time for intrahepatic administration is 72 hours for Adriamycin and 
96 hours for 5-fluorouraciL See the second full paragraph at page 2 of Gorbunova. Gorbunova 
also teaches the specific side effects and disadvantages associated to this lengthy administration, 
for example, transient hepatic insufficiency, catheter thrombosis and patients forced to remain in 
a prone position in bed for the whole time, three or four days. See the last three full paragraphs 
at page 3 of Gorbunova. In contrast, the present invention has surprisingly and unexpectedly 
recognized that it is possible to administer MMDX in a much shorter time period (e.g., MMDX 
is administered as an infusion of from about 15 minut es to about 30 minutes every 4 weeks or as 
a 5-10 minute bolus every 8 weeks) with the very beneficial effect for the patients of avoiding 
long immobilization and thrombosis risk. Under the presently claimed method of intrahepatic 
treatment of tumors with MMDX, the patient can go home after treatment. 



^ A copy of an English translation is provided as Exhibit 6, and applicants' remarks are referred to this translated 
document. 
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In view of the material and significant difference in terms of the administration 
time, e.g., 72 hours (4,320 minutes) vs, 15-30 minutes which is 144-fold less, as well as the 
disadvantages associated with the 72-hour administration and the benefits of the 15-30 minute 
administration, appHcants submit that Gorbunova is not only far removed from the present 
invention, but also would discourage a person skilled in the art to apply intra-hepatic 
administration of MMDX in treating liver cancer. 

Regarding Berm et al., applicants submit that it is further removed from the 
present invention because it does not disclose the intra-hepatic artery administration and it refers 
to a polymeric matrix which defines a different modality of drug release as opposed to the 
present invention. 

In view of the above remarks, applicants submit that the applied references fail to 
present a prima facie case of obviousness. Therefore, Applicants submit that the instant rejection 
has been obviated. Reconsideration and withdrawal of the instant rejection is respectfully 
requested. 
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Thus, in view of the foregoing amendments and remarks^ while Applicants 



fervently believe all claims are now allowable, to the extent any are so deemed by the Examiner, 
that these are identified and passed to issiiance immediately. In the event that the Examiner has 
any queries concerning the instantly submitted Amendment, Applicants' attorney respectfully 
requests that he be accorded the courtesy of a telephone conference to discuss any matters in 
need of attention. 



Scully^ Scott, Murphy & Presser^ P.C. 
400 Garden City Plaza, Suite 300 
Garden City, New York 11530 
516-742-4343 
Enclosure: Exhibits 1-6 

AZ/PIB:dk 



Respectfully submitted, 




Peter L Bernstein 
Registration No. 43,497 
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SUSVIMARY 

To better define the roie of the amino sugar tn the pharmacobg- 
leal and biochemical properties of anthracyciines related to dox- 
orubicin and daunorubicin, we have investigated the effects of 
various substltuents at the 3'- and 4 '-positions of the drug on 
cytotoxic activity and ability to stimulate DNA cleavage mediated 
by DNA topoisomerase li. The study shows that the nature of 
the substituent at the 3'-positton but not the 4'-'position Is critical 
for drug ability to form cleavable corriplexes. The amino group 
at the 3 '-position is not essentlai for cytotoxic and topoisomer- 
ase M-targettng activities, because it can be replaced by a hy- 
droxyl group without reduction of activity. However, the pres- 
ence of bufi<y substituents at this position (i.e., morpholinyl 
derivatives) totally inhibited the effects on the enzyme, thus 
supporting previous observations indicating that the cytotoxic 



potencies of these particular derivatives are not related to topo- 
isomerase II inhibition. This conclusion is also supported by the 
observation that 3 '-morpholinyl and 3'-methoxymorphollny[ de- 
rivatives are able to overcome atypical (i-e„ topoisomerase I!- 
mediated) multidrug resistance. Because a bulky substituent at 
the 4'-position did not reduce the ability to stimulate DNA 
cleavage, these results support a critical role of the 3 '-position 
in the drug interaction with topoisomerase II in the ternary 
complex. An analysis of patterns of cross-resistance to the 
studied derivatives in resistant human tumor cell lines expressing 
different resistance mechanisms indicated that chemical modifi- 
cations at the 3 '-position of the sugar may have a relevant 
influence on the ability of the drugs to overcome specific mech- 
anisms of resistance. 



Like other intercalating agents with antitumor activity, an- 
thracyciines exert their cytotoxic activity by interfering with 
DNA topoisomerase H function. Despite their apparent stnic- 
tural diversity, their molecular effects have been related to their 
ability to interfere with the breakage-rejoining action of topo- 
isomerase IL Although the topoisomerase 11 inhibitors have a 
common intracellular target, the molecular basis of their vari- 
able therapeutic efficacy is still unknown. Similarly to other 
highly effective antitumor drugs, OCX stabilizes a transient 
DNA-topoisomerase 11 complex in which DNA strands are cut 
and covalentiy linked to the enzyme subunits (1-4). Investiga- 
tions on the sequence specificity of DOX stimulation of in vitro 
DNA cleavage have led to a molecular model for drug action 
on topoisomerase 11; drug molecules may be placed at the 
interface between the DNA cleavage site and the active site of 



This work was partially sapported by Consiglio Nasioft?ile delk Ricerche and 
by Assoda^iorie Italiana per la Rtcerca sul Cancro, 



the enzyme, thus forming DNA-drug-enzyme ternary com- 
plexes {5j 6). 

The efficacy of DOX as an antitumor agent has stimulated 
many studies aimed at identifying critical substituents required 
for optimal activity. Previous studies on structure-activity re- 
lationships of anthracyciines have shown an important role for 
the structure and stereochemistry of the amino sugar (dauno- 
samine) in the pharmacological and biochemical activity of 
anthracyciines related to DNR and DOX (7-10). The basic 
amino group at has been implicated in determining the 
DNA binding affinity. However, the presence of a basic group 
at C-3' is not a strict requirement for cytotoxic activity of 
anthracyciines (11). The role of substituents at the 3'-positiou 
remains unclear, because jTf-acyl derivatives exhibited lovi^ af- 
finity for DNA and markedly reduced cytotoxic potency (7, 12)^ 
but substitution of the amino group for an hydroxy! group at 
C-3' resulted in comparable cytotoxic activity (11). 

The influence of selected chemical modifications at different 



ABBREViATIONS: DOX, doxorubicin; PCS, fetal calf serum; MIT, 3-(4,5-dimethylthiazo!"2-yO"2,5"diphenyltetra2olium bromide; V1V1-26, 4'-demethy- 
lepipodophyllotoxin thenyltdene-^-D-glucoside; SDS, sodium dodecyl sulfate; SV40, simian virus 40; MRP^ multidrug resistance-related protein; DNR, 
daunorubicln; 4'-l-D0X, 4'"deoxy-4'-iododoxorubtcin; D^o, drug concentration inNbitmg cell growth by 50%, compared with drug-free cultured ceNs; 
SCLC, small-cefl lung cancer. 
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positions in the amino sugar has been examined with respect 
to the ability of the drug to trap DNA topoisomerase II (4, 13). 
In an attempt to better define the molecular pharmacology of 
anthracyciines, the present study was undertaken to examine 
the influence of various substituents at the 3'- and 4'-positions 
of DOX and/or DNR on the ability of the drugs to stimulate 
enzyme-mediated DNA cleavage. We provide evidence that (a) 
the 3 '-position but not the 4' -position is critical for the ability 
of the drugs to interfere with topoisomerase 11 and (b) 3'- 
deamino-3'-hydroxy derivatives of DOX overcome mdrl-me- 
diated but not atypical multidrug resistance, 

Experlmentaf Procedures 

Materials, Anthracycliae derivatives were synthetized at the Chem- 
istry Department of Farmitalia-Carlo Erba (Milan, Italy). Drugs were 
dissolved in diixiethy Sulfoxide or deionized water at 0 J kim^ stored at 
—20" for a few weekSj and diluted in deionized water immediately before 
use. DKA topoisomerase 11 was purified from murine leukemia P388 
cell nuclei by published procedures (14, 15) and was stored at -20* in 
20 mu KH3PO4, pH 7-0, 50% glycerol, 0,5 mM phenylmethylsulfonyl 
fluoride, 01 mM EDTA, 1 mM j5-mercaptoethanol SV40 DNA, T4 
polynucleotide kinase, agarose, and polyacrylamide were purchased 
from Bethesda Kesearch Laboratories (Basel, Switzerland). ly-^^P] 
ATP was purchased from Amersbam (Milan, Italy). Calf intestinal 
phosphatase and restriction endonucleases were purchased from New 
England Biolabs (Taunus, Germany). Human mdrl and murine ^-actin 
probes were as described previously (16). 

Sequencing analysis of DNA cleavage sites. SV40 DNA frag- 
ments were uniquely 6 ^-end-labeled as described previously (5, 13). 
Briefly^ SV40 DNA was cut with the indicated enzyme, dephosphoryl- 
ated, and ^^P-iabeled with T4 kinase. Then, DNA was subjected to a 
second enzyme digestion to generate uniquely 5 '-end-labeled frag- 
ments, which were separated by agarose gel electrophoresis and purified 
by electroelution and ethanol precipitation. DNA cleavage reactions 
were performed in 20 ^1 of 10 mM Tris-HCl, pH 7.5, 50 mM NaCl, 50 
mM KCl, 5 mM MgCla, 0.1 mM EDTA, 1 mM ATP, 15 fig/ml bovine 
serum albumin, with drugs, at 37' for 20 min. Topoisomerase II (106 
units, about 200 ng of protein) was added in storage buffer (14). 
Reactitons were stopped with SOS {1%) and proteinase K {0.1 mg/ml) 
and were incubated at 42' for 45 min- DNAs were then precipitated 
with ethanolj resuspended in 2,5 //I of B0% formamide, 10 mM NaOH, 
1 mM EDTA, 0.1% xylene cyanol, 0.1% bromphenol blue, heated at 95^ 
for 2 min, chilled on ice, and then loaded onto a S% po!yacrylamide 
denaturing gel Gels were run at 70 W for 2 hr, Autoradiograms of dried 
gels were carried out using Amersham Hyperfilm, 

Cell lines. POGB and POVD cell lines were obtained in ouf labo- 
ratory from iung tumor biopsies of two patients bearing SCLC. At the 
time of biopsies, patients had not been treated with chemotherapy pr 
radiotherapy. After about 10 passages in RPMI 1640 medium supple- 
mented with 10 nM hydrocortisone, 10 nM 17-j9™estradiol, 30 nM sodium 
selenite, 5 mg/ml msuUn, 100 mg/mi transferrin, and 5% FCS (Flow 
Laboratories), cells were adapted to grow in RPMI 1640 medium 
supplemented with 10% FCS (CM medium). POGB cells grew loosely 
attached to the flask and, when needed, they were detached through 
trypsinization or strong pipetting. POVD cells grew as floating clumps. 
After 10 passages in CM medium, cells were cultured in the presence 
of 1 ng/ml DOX; in subsequent passages, the DOX concentration was 
progressively increased up to 120 ng/ml for POGB cells and 100 ng/ml 
for POVD ceHs. Drug-selected cells were then tested for their sensitivity 
to DOX and were shown to have become resistant to this drug. The 
established resistant cell variants POGB/DX and POVD/DX were 
maintained always in the presence of 120 or 100 ng/ml DOX, respec- 
tively. One passage before each experiment, resistant cells were cultured 
in drug-free medium. The morphologies of resistant ceUs were similar 
to those of sensitive parental cells. The human leukemic cell line CEM 
and the vinblastine^ and VM-26-resistant sublines CEM/VLBfoo and 



CEM/VMl (17-19) were kindly provided by Dr. W. T. Beck (St. Jude 
Children's Research Hospital, Memphis, TN). The ceil lines were 
maintained at 37' in minimal essential medium (GIBCO) with Barle's 
salts, supplemented with 10% FCS and 1% vitamins (GIBCO), and 
were passaged twice weekly. Vinblastine (100 ng/ml) or VM-26 {66 ng/ 
ml) was added at each passage to CEM/VLBiw and CEM/VMl cells, 
respectively. Parent and resistant CEM cells grew as floating clumps. 

Cytotoxicity test. SCLC celts (lOVml) were treated for 1 hr at 37" 
with drugs at different concentrations. Ceils were then washed with 
phosphate-buffered saline and seeded in drug-free CM medium in 96- 
well tissue culture plates (10^ POGB cells/well and 5 x 10^ POVD 
cells/weli). Ninety-six hours later cell survival was determined with 
the MTT assay, as described previously (20). 

Immediately after seeding, CEM, CSM/VLBioo, and CEM/VMl cells 
(2 X 10^ cells/ml) were treated for 72 hr at 37* with drugs at different 
concentrations. Cell survival was then determined by cell counting. 
ICeo values were determined from the dose-effect curves. 

Northern blot analysis. Total RNA was prepared by the LiCl- 
guanidine monothiocyanate method (21) from cells harvested in the 
logarithmic phase of growth. Total RNA (20 fig) was fractionated on a 
formaldehyde-containing 1% agarose gel and then transferred to a 
Hybond nylon membrane. The membrane was then irradiated with UV 
light, and prehybridization was performed for at least 4 hr at 42% in 
50% formamide, 6X standard saline citrate (i.e., 0.75 M NaCl, 75 mM 
Na citrate, pH 7.2), 0.2% SDS^ 5x Denhardfs solution, 50 mM sodium 
phosphate, pH 7, 250 fig/ ml salmon sperm DNA- DNA probes were 
^^P-labeled with a random primer kit (specific activity, 2-5 x 10^ cpm/ 
^gof DNA). Hybridisation was carried out for 20 hr at 42* in the same 
buffer containing 10% dextran sulfate. 

BNA binding studies. DNA binding parameters of anthracycline 
derivatives were determined by means of the fluorescence quencing 
method, as described previously (S-10), at the same ionic strength (0.1 
M NaCl), 

Results 

Stimulation of topoisomerase II DNA cleavage. The 
effect of various substituents at the 3'- and 4 '-positions of the 
anthracycline molecule (Fig, 1) on the stimulation activity of 
topoisomerase II DNA cleavage was investigated vv^ith the ex- 
periments shown in Figs. 2 and 3. Drug stimulation of DNA 
cleavage was determined by incubating 5'-^T-labeled SV40 
DNA fragments with topoisomerase II and different concentra- 
tions of the analogs and analyzing DNA cleavage intensity 
patterns with polyacrylamide denaturing gels. Drug analogs 
were always compared with either DOX or 4''demethoxy-DNR, 
which have been shown to stimulate identical DNA cleavage 
intensity patterns (5). 

3'~Morpholinyl and 3'-methoxymorphohnyl analogs of DOX 
did not stimulate enzyme -mediated DNA cleavage; however, 
they suppressed DNA cleavage at 1 and 10 fiM (see 4880 site in 
Fig, 2), In contrast, 3'"deaminO'3'-hydroxy-4'-morpholinyh 
DOX stimulated DNA cleavage at the same sites and with 
similar relative intensities, compared with the parent drug (Fig, 
2). Because the 3'-deamino-3'-hydioxy-4'"morpholinyl analog 
stimulated topoisomerase II DNA cleavage, the chemical nature 
of the morpholinyl" group per se may not explain the inability 
of the 3 '-morpholinyl derivatives to interfere with topoisom- 
erase n fiinction. Thus, the relative position of the substitution 
(3' versus 4') appeared to be the critical structural feature of 
the drug for retention of stimulation activity of DNA cleavage. 

We then investigated the 3' -deamino-3' -hydroxy derivatives 
of DOX shown in Fig. L 3'-Deamino~3'-hydroxy-4' -amino- 
DOX and 3'-deamino-3'-hydrosy-4'-epi-DOX stimulated 
DNA cleavage to similar extents, compared with the parent 
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Fig. 1. Chemtca! structures of the studied anthracyciine derivatives. 

drug (Fig. 2). 4"Demethoxy-3'-deammO"3'"hydroxy-4'-epi- 
DOX was the most potent analog in stimulating DNA cleavage, 
because it was effective even at 0,1 ixM, Because 4'-epimeriza- 
tion has been shown to have no effect on cleavage stimulation 
by anthracyclines (13), these observations indicated that the 
amino group at the 3 '-position is not necessary for the drug 
effect on topoisomerase II Indeed, lack of the amino group in 
the sugar increased the stimulation activity of anthracyclines 
for DNA cleavage (Fig. 2). 4'-MorphoUnyl-DOX, 3'-deamino- 
3'-hydroxy-4''-epi-DOX, and 4-demethoxy-3'-deamino-3'-hy- 
droxy-4'"epi"DOX even at 10 stimulated DNA cleavage, 
whereas global suppression of DHA cleavage was observed at 
10 fiU for OCX, 3'-morpholinyi analogs, and 3'-deamino-3'- 
hydroxy-4'-amino-DOX (Fig. 2 and data not shown; see also 
Ref. 13). A lack of suppressive effect of the 3 '-hydroxy deriva- 
tives may be rationalized in terms of reduced DNA binding 
affmity (Table 1), causing a different taiphasic response. 



To further evaluate the role of the 4 '-position, we investi- 
gated 4'-0"daunosaminyl-DNR and 4'-I-D0X, which have an 
additional amino sugar and an iodine atom^ respectively, at the 
4 '-position (Fig, 1), Both of these analogs stimulated cleavage 
of SV40 DNA in the presence of topoisomerase II (Fig. 3), 
4'-I-D0X has been shown to stimulate protein- associated DNA 
breaks in living tumor cells (22). 

DNA cleavage intensity patterns were identical among all of 
the studied analogs (Figs, 2 and 3). Weak cleavage sites were, 
however, more easily detected with the most potent derivatives 
(see sites from 4779 to 4814 in Fig. 2). The sequence specificity 
of DNA cleavage stimulation by the studied derivatives was 
thus the same as that reported for the parent drugs (5). 

Cytotoxic potency of the anthracycline derivatives in 
human SCLC ceil lines. All of the studied analogs were 
cytotoxic against human SCLC cells, although differences in 
potency could be noted. 3'-Deamino-3'~hydroxy-4'-epi-DOX 
was 3--4"fold less potent than DOX, and 4-demethoxy-3'-deam- 
ino-&'~hydroxy-4'-epi-DOX was about as potent as the parent 
drug (Table 2). The increased potency of 4-demethoxy-3'- 
deamino-3' -hydroxy -4 '-epi-DOXj compared with 3'-deaminO" 
3'-hydroxy"4'-epi-DOX, showed that removing the methoxy 
group at the 4 -position in the planar ring system enhanced 
drug cytotoxic activity, in agreement with previous fm dings 
(23, 24), Because 4'-epimerization did not affect DOX cytotox- 
icity (8}j removal of the 3 '-amino group appears to be respon- 
sible for the reduced cell-kiliing activity. No precise correlation 
was found between the cytotoxic potency and DNA-cleaving 
activity, because these analogs were more active than DOX in 
stimulating topoisomerase 11 DNA cleavage (Fig. 2), Therefore^ 
it may be possible that cellular pharmacokinetics of these 
analogs were somewhat altered by the chemical modification 
at the 3' -position, compared with DOX. 

3'-Deamino-3'-hydroxy-4'-amino-DOX and 4'-0-daunosa- 
minyl-DNR were somewhat less potent than DOX in SCLC 
cell lines (Table 2). However, they have been shown to be 2-3 
times more potent than and as potent as the parent drug, 
respectively, in a sensitive CEM human leukemia cell line (25), 
3'-Morpholinyl analogs were 3~6-foId more potent than DOX 
in the two sensitive SCLC cell lines, POGB and POVD (Table 
2), in agreement with previous findings showing marked cyto- 
toxic activity of 3'-morphohnyl-anthracyclines (26-28). In con- 
trast, 4'-morpholinyl-DOX was similar to DOX, or slightly less 
potent than the parent drug (Table 2). Consistently, 4^-mor- 
pholinyl-DOX was 2.5-fold less potent, whereas 3'-morphoUnyl 
analogs were about 4.5- fold more potent than DOX in an 
unrelated SCLC cell line, NCr-H187 (data not shown). 

Cell-killing activity of drugs in human multidnig- 
resistant tumor ceil lines with different mechanisms of 
resistamce* The cytotoxic activities of the studied derivatives 
were also determined in the multidrug-resistant variants of the 
POGB and POVD SCLC lines (Table 2) and in two multidrugs 
resistant lines derived from a CEM human leukemia line (IS- 
IS) (Table 3). Both POYD/DX and POGB/DX lines were 
obtained from the corresponding sensitive lines by DOX selec- 
tion (see Experimental Procedures for details).^ It is likely that 
different mechanisms of drag resistance have been activated in 
these two DOX-selected SCLC sublines. Overexpression of the 
mdrl gene was found in POVD/DX cells, compared with the 



* M. Binaacbi, R. Supino, G, Capranico, atid F. Zunino. Multidrug resistance 
in small cell lung cancer cell lines. Manuscript m prepa7ation. 
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Fig, 2. Topoisomerase U DMA cleavage stimulated by the studied DOX derivatives in SV40 DNA. SV40 DNA ^^P-labeled at tfie Taq\ site was 
incubated for 20 min at 37^ with purified murine topoisomerase li and different concentrations of drugs. Cleavage reactions were stopped with 1% 
SDS and 0.1 mg/ml proteinase K, incubated at 42^ for 45 mh, precipitated with ethanol, and then analyzed on 8% pojyacrylstmide sequencing gels. 
Lane A, control DNA; lane B, topoisomerase II alone; fane C, with 1 /aM DOX; fane D, with 1 4-demethoxy-DNR; fane m. purine molecular weight 
markers; lanes 1,2, and 3, 0,1, 1, and 10 indicated drug, respectively. Arrows, some cleavage sites; numbers, genomic position in SV40 DNA. 



sensitive parental POVD cells (Fig. 4). -In these experiments 
human colon cancer LoVo and LoVo/DX cells were used as a 
control system for F-glycoprotein overexpression (29). POVD/ 
DX exhibited a pattern of cross-resistance typical of the mul- 
tidrug-resistantphenotype, because it included vincristine, eto- 
poside, and taxol but not cisplatin, meiphalan, or S-fluorouracil 
In contrast, mdrl gene expression was not detected in POGB/ 
DX cells, which instead exhibited amplification (about 50-foid) 
and overexpression of the MRP gene.^ The phenotypes of 
multidrug-resistant CEM sublines have been shown to be dis- 



^M. Binaschi, Supitio, R. A. Oambetta, G. Gitaccojie, Ptospen, G. 
Gapranico, and F. Zunina MRP gene overexpression and amplification in a 
human doxortibicin-registant SCLC cell line. 



tinct (17-19). CEM/VLBioo cells had a classical multidrug- 
resistant phenotype and overexpressed the mdrl gene, whereas 
CEM/VMl ceils showed an atypical multidrug-resistant phe- 
notype and did not overexpress the mdrl gene but instead had 
a mutated topoisomerase Ila gene coding for a drug-resistant 
protem (17-19). 

The studied 3'-deamino~3^-hydroxy-4'-epi derivatives could 
overcome the drug resistance of POGB/DX, POVD/DX, and 
CEM/VLB cells but not that of CEM/VMl cells (Tables 2 and 
3). These observations suggested that an amino, group in the 
sugar moiety of DOX might be critical for drug transport by P- 
glycoprotein. S'-Morpholinyl derivatives were as active in all 
of the drug-resistant variant lines as in the corresponding 
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Fig- 3. Topoisomerase II DNA cleavage stimulated by the 
studied DOX derivatives in SV40 DNA. SV40 DNA was 
^^P-labeled at a XhoW site. See legend to Fig. 2 for additional 
details. Lane C, control DNA; fane T, topoisomerase II 
alone; fane m, purine molecular markers. 4-Demethoxy- 
DNR and 4'-l-D0X were used at 1 jti^/i. 4'-0-Daiinosaminyi- 
DNR was used at 0,1 and 1 fiM in the left and right fanes, 
respectively. Arrows, cleavage sites; numbers, genomic 
positron in SV40 DHA. Boxed numbers, sites not stimulated 
by drugs. 



parent cell lines. In contrast, CEM/VMl but not CEM/VLB 
cells were fully cross«resistant to 3'-deammo-3'-hydioxy-4'- 
morpholinyl-DOXj supporting the idea that this derivative was 
directed against topoisomerase II also in living tumor cells. 

The patterns of cross-resistance of these variant lines were 
not similar (Tables 2 and 3). Some observations can be made, 
(a) 3'-MorphoiinyI derivatives were the only drugs showing no 
cross-resistance in the CEM/VMl cell line, whereas ail other 
drugs showed cross -resistance at similar or higher levels, com- 
pared with DOX {Table S), (b) Only 4'^0-daunosammyl-DNR 
and 3'-deamino-3'-hydraxy-4'-amino-DOX showed cross-re- 
sistance fully in CEM/VLB cells and at the highest level among 



the studied drugs in POVD/DX cells {Tables 2 and 3). Both of 
these analogs retained an amino group in the sugar moiety^ and 
these two lines were drug resistant due to overexpression of the 
F -glycoprotein gene, (c) POGB/DX cells showed a specific 
pattern of cross-resistance; these cells were cross-resistant only 
to 3'"deamino-3'-hydroxy-4'-morpholinyl-DOX and 4'-0-dau- 
nosaminyl-DNR. This fmding was consistent with a different 
mechanism of resistance developed by POGB/DX cells. 

Discussion 

Previous studies from this laboratory demonstrated the im- 
portance of the natural amino sugar (daunosamine) as a critical 
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TABLE 1 



Binding parameters for the interaction of anthracyeline derivatives 
with calf thymus DNA 

Kgpp IS the apparent binding constant; n is the apparent binding sites/nudeotide. 





(x10^) 


n 








DNB 


4.8 


0-160 


DOX 


6.5 


0.179 


3'"Deamtno-3'-hydroxy-4'epi'"DOX 


0J7 


0.062 


4-Demethoxy"3'»deamlno-3'-hydroxy-4'epi"DOX 
3'"Deamino-3'-hydroxy-4'amino~DOX 


1.0 


0.072 


2A 


0.178 


4'-l-D0X 


6.4 


0.100 


4'-0-Dauno$aminyl-DNR 


2.7 


0.283 



determinant of anthracyeline activity (8). in agreement with 
the view that DNA topoisomerase II is the primary target of 
drug action (4), we now provide evidence that the sugar moiety 
is also important for drug stimulation of topoisomerase 11- 
mediated DNA cleavage. The 3'-iV^substituted anthracyclines 
exhibited a reduced ability to stimulate topoisomerase Il-me- 
diated cleavage (30). The inability of 3'-morpholinyl and 3'- 
methoxymorpholinyl, but not 4^-moiphoHnyi, derivatives of 
DOX to stimulate enzyme-mediated DNA cleavage is consist- 
ent with these observations (see also Ref. 31) and suggests that 
a bulky substituent at the 3 '-position is a steric hindrance for 
the formation of the ternary complex (drug-enzyme-DNA). 
Previous studies have emphasized the role of the amino group 
in the stabilisation of the intercalation complex (32), and a free 
protonated amino group has been implicated m electrostatic 
interactions in the minor groove (33-35). Indeed, iV-acetyl 
derivatives of DNR and DOX exhibited low DNA binding 
activity and markedly reduced cytotoxic and antitumor poten- 
cies. In contrast, because 3'-morphoIinyl and 3'-methoxymor- 
phoHnyl derivatives are still very potent cytotoxic agents, it is 
evident that these compounds may exert cytotoxic activity by 
other mechanisms that are independent of topoisomerase H 
inhibition. 3'-MethoxymorphoUnyl-DOX has a potential for 
covalent binding to DNA (36), and the formation of a drug- 
DNA adduct by active 3'-morpholinyl-DOX metabolites has 
been reported (27). 3'-MorphoIinyl-DOX itself was found to 
retain DNA-binding ability and to stimulate topoisomerase i- 
induced DNA cleavage (31). Further investigations at a cellular 
level are required to better understand the mechanism of action 
of these derivatives- 

The present study provides further evidence that an amino 
group at the 3 '-position is not required to stimulate topoisom- 



erase ll-medxated DNA cleavage, because substitution of a 
hydroxyl group for the amino group resulted in compounds 
(i.e., 3'-deaminO"3'-hydroxy-4'-epi^DOX and 4"demethoxy-3'- 
deaminO'3'-hydroxy-4'™epl-DOX) with activity comparable or 
superior, to that of the corresponding 3'~aminoanthracyclines. 
This finding is consistent with previous observations that 3'- 
hydroxy derivatives retained cytotoxic and antitumor activities 
(11, 26). In contrast to 3'-morphoHnyl-DOX, the compound 
with this substituent at the 4 '-position has been found to have 
the same ability to trap topoisomerase 11 as exhibited by the 
parent compound, DOX. Similarly, different substitutions at 
the 4'-position (he,, 4'-0-daunosaminyl-DNR and 4'-I^D0X) 
resulted in agents effective as topoisomerase II inhibitors. 
Overall, these results indicated that the presence of a bulky 
substituent at the 3'- but not the 4 '-position prevents drug 
stimulation of topoisomerase II cleavage. As expected^ the 
removal of the amino group in the sugar moiety caused an 
appreciable reduction of drug affinity for DNA. However, this 
reduction waa accompanied by an appreciable increase in drug 
ability to trap DNA topoisomerase. A lack of precise correlation 
between the DNA binding affinity and the cellular and molec- 
ular effects of anthracyclines supports the view that the specific 
mode of DNA interaction is a more critical determinant for 
drug activity than is the strength of binding (4). 

All of the tested 3 '-hydroxy derivatives (Table 2) showed 
marked activity in the cytotoxicity assay. Using SCLC cell 
lines, the pattern of cross- resistance indicated that, with the 
exception of 3'-deamino-3'-hydroxy^4'"amin<>-DOX, all 3' -hy- 
droxy derivatives overcame multidrug-resistance mediated by 
mdrl gene overexpression (i,e., POVD/DX ceil line). It is 
possible that the presence of a free amino group is an important 
determinant for drug recognition by P-glycoprotein, because 
4'-0-daunosaminyl-DNR also displays partial cross -resistance 
in this cell system. Alternatively, by removal of the sugar amino 
group the drug becomes more lipophilic, and this may favor 
cellular drug uptake by passive diffusion, thus counteracting 
the P-glycoprotein-dependent increased drug efflux in resistant 
cells. Similar results were obtained in the CEM/VLB ceil line, 
with a typical multidrug resistant phenotype (Table 3). 

The pattern of cross-resistance was somewhat different in 
the POGB/DX cell line. In this system, only compounds with 
a bulky substituent at the 4' -position showed cross-resistance. 
This subline exhibited a multidrug resistant phenotype with 
reduced intracellular drug accumulation, without mdrl expres- 
sion.^ It is possible that other transport systems (MRP gene 



TABLE 2 

Cjftotoxic activities and cross-resistance of anthracyeline derivatives in human SCLC cell Jines 

POVD/DX ce^fs showed a dassjcal multidrug^resistant phenotype and overexpressed m mdrl gene (Fig, 4); POGB/DX cdls did not express the mdrl gene but had 
ampfiftcation and overexpression of the MRP gene.^ iCso values were determined from dose-response curves after 1-hr exposure to the drug. The shapes of the dose- 
response curves were similar for all tested compounds. In parentheses is the resistar^ce index, caicuiated as the ratio of the JCso values in DOX-resistant and oarenta] 
cell iines. 



Drug 



POOB POGB/QX POVD POVQ/PX 



^OX 0.30 1.90(6.3) 0.30 4.80(16) 

3'-Deamino^3^"Hydroxy-4'epi-DOX 1 22 2.00 (1.6) 1 .00 2.1 0 (2 1) 

4-Demethoxy-3'-deamino-3'-hydroxy"4'epi-DOX 0.22 0.25(11) 0.41 0.25(0.6) 

3'-Deamino-3'"hydroxy-4'-amlno-QOX 0.80 1.30(1.6) 0.62 3 20(5 2) 

3^-Morphoitnyi-DOX 0.12 0.14(1,2) 0.05 o!l7(3'4) 

3'-Methoxymorpholinyf-DOX 0.10 0.18(1.8) 0.05 0,06(1 2) 

3'-Deamino-3''hydroxy-4'-morprioiinyl-DOX , 0.38 1.55(4.1) 0 70 1 20(1 7) 

4^-0-DaunQsaminyl-DNR ' 0.88 3.95(4.5) 0.76 3 65(4*8} 
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TABLE 3 . 
Cross-resistance to the sludJed anthracyciine derivatives of two 
human muitidrug-reststant CEM ceil lines 

CEM/VL81M cetis showed a ciassicaf multidrug-res^stant phenotype and overex- 
pre&sed the mdr1 gene, whereas CEM/VM1 cells showed an atypical mumdrug- 
resistant pfienotype and had a mutated topolsomerase !b gene (16-1B). Drug 
treatments were for 72 hr at Sy*; drugs w/ere t^en washed out, and cell survival 
was evaluated by ceil counting, iP^ values were 3.3, 72.3, and 28.7 ng/ml ^or 3'- 
deaminO"3'-hydroxy-4'-amino-DOX and 6,1, 270, and 15.5 ng/ui for 4'-daunosa" 
minyl-DNR in the parent OEM, CEM/VLB, and CEM/VM1 cell lines, respectively. 
JDgd values for ttie other drugs were reported previously (24). 

Resistance ir^dex 
relative to sensitive 
Drug OEU line 



CEM/VLB CEM/VM1 



DOX 


31 


57 


4-Demethoxy-DNR 
3'-Deamino-3'-hydroxy-4'ep!-DOX 


2.8 


4,8 


3.9 


13.2 


4-Dennethoxy-3'-deamino-3'-hyclroxy™4'epi-DOX 
3' -Deamfno-3' -hydroxy-4' -amir^o-DOX 


0.9 


8.1 


22 


8.7 


3'-Morphoilnyl-DOX 


2.4 


2.0 


3' -Methoxymorphdiny l-DOX 
3'-Deanfiino-3'-hydroxy-4'-morphofinyl"DOX 


1.0 


1.1 


12 


5.6 


4 ' -O-Daunosaminyi-DN R 


44 


2.5 


4'4"DOX 


1.2 


2-9 
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mdrl 



p-actm 



Fig, 4. Overexpression of the mdr1 gene in DOX-resistant POVD/DX 
cells. Twenty micrograms of totai RNA were fractionated on a 1% 
agarose-formaldehydegel, transferred to a nylon mennbrane, and liybiid" 
ized with the Indicated human probes. Lane 1, POVD; lane 2, . POVD/DX; 
lane 3, LoVo; fane 4, LoVo/DX. 

product?) are involved^ conferring a different cross-resiBtance 
pattern. Among the compounds examined, only 3' -morpholinyl 
and 3 '-methoxy morpholinyl derivatives v^ere found to be able 
to overcome resistance mediated by topoisomerase 11 gene 
mutations (i-e., in CEM/VM3. ceils). This finding is in agree- 
ment with the hypothesis that these derivatives differ from 
conventional anthracyclines, with the natural amino sugar, in 
their mechanism of action (27). In CEM/VMI cells all 3'- 
hydroxy derivatives were found to be cross -resistant, with a 
resistance index comparable or superior to that of DOX. Again, 
this observation is consistent with the conclusion that 3'- 
hydroxy derivatives exert cytotoxic activity through inhibition 
of topoisomerase 11 function. The inability of these compounds 
to overcome topoisomerase II- mediated resistance is expected 
on the basis of the identical sequence specificities of DNA 
cleavage stimulation, compared with DOX (5), suggesting a 
similar structural basis of drug interaction with topoisomerase 
11 in the ternary complex. 
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stract The cytotoxic action of two morpholino anthra- 
cyclines, methoxymorpholino anthracycline (MRA-MT, 
FGE 23762) and cyanQmorpholino anthracycline (MRA- 
CN), was compared with the cytotoxicity of doxorubicin 
(DOX), the topoisomerase II inhibitor etoposide (VP46), 
the topoisomerase I inhibitor camptothecih, methotrexate, 
and cisplatin in GLC4, a human small-cell lung-cancer cell 
line, in GLC4-Adr, its P-glycoprotein (Pgp)"negative, 
multidrag-resistant (MDR; 100-fold DOX-resistant) sub- 
line with overexpression of the MDR-associated protein 
(MRP) and a lowered topoisomerase II activity, and in 
GLC4-CDDH its cisplatin-resistant subline. GLC4-Adr was 
about 2"fold cross-resistant for the morpholino anthracy- 
clines and GLC4-CDDP was, relative to GLC4, more 
resistant for the morpholino anthracyclines than for DOX, 
Overall, MRA-CN was about 2.5-'fold more cytotoxic than 
MRA-MX The cytotoxicity profile of the morpholino 
Anthracyclines in these cell lines mimicked that of camp- 
tothecin. 

y words Morpholino anthracyclines • MRP 
v^isplatin resistance 



Introduction 

The development of multidriig resistance (MDR) is one of 
the major obstacles in successful chemotherapeutic treat- 
ment of cancer patients. One class of antitumor drugs with 
the widest spectrum of activity in human cancers comprises 
the anthracyclines, which, however, are involved in MDR 
[I]. For doxorubicin (DOX), one of thfe most frequently 
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used drugs of .this group of anthracyclines, several mechan- 
isms contribute to its cytotoxic action. Cellular mechanisms 
of action include intercalation of DNA; the formation of 
DNA breaks, possibly due to the generation of free radicals; 
and the. capacity to turn DOX-topoisomerase complexes 
into cellular poisons [2, 3], Because of its toxicity, espe- 
cially cardiac toxicity, and the appearance of drug resis- 
tance, new anthracycline analogs have been synthesized 
that are less toxic, more potent, and non-cross-resistant with 
DOX. One group of these analogs consists of compounds in 
which a morpholino ring incorporating the amino nitrogen 
of the daunosamine unit has been constructed. Acton et al 
[4] synthesized a series of morpholino (e.g., MR A) and 
cyanomorpholino (e.g„ MRA-CN) analogs of DOX. These 
morphoKnyl-substituted anthracyclines have several prop- 
erties in common that distinguish them from the parental 
anthracyclines. They are highly lipophilic, which facilitates 
rapid diffusion through the cell membrane [4, 5]. In contrast 
to OCX, MRA and MRA-CN are not cardiotoxic at 
effective antitumor doses [4, 6] and are not cross-resistant 
in DOX-resistant P-giycoprotein (Pgp)-positive and -nega- 
tive cell lines [6-9]. Apart from its efficacy in Pgp-positive 
cell lines resistant to DOX, MRA-MT has also been proven 
effective in CEMA^|4-1, a cell line with altered topoisom- 
erase n, and in cell lines resistant to cisplatin and melpha- 
Ian [10-13]. 

The working mechanisms of MRA and MRA-CN 
include preferential inhibition of ribosomal gene transcrip- 
tion [14] as well as topoisomerase I-mediated DNA clea- 
vage [15], This mechanism of cytotoxicity is probably 
different from that of DOX, which acts on topoisomerase 11. 
Whereas MRA binds to DNA by intercalation and causes 
DNA strand breaks, MRA-CN produces DNA-DNA inter- 
strand cross-links [15, 16]. It has been demonstrated that 
this interstrand DNA cross-link formation induced by 
MRA-CN, which takes place very rapidly, is preceded by 
the binding of drug to single-stranded DNA [17], The 
marked difference in cytotoxicity and DN/wbinding affi- 
nity observed between MRA and MRA-CN suggests a 
major role for the cyano substituent in the action of 
MRA-CN [IS]. 
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Table 1 IDso values after i h incubation as determined in the MTA. 
Results are expressed as mean values (i SD) for 2-4 experiments 
perfonned in quadruplicate 

Cell lines 



10000 



GLC4 



GLC4-Adr 



GLC4-CDDP 



DOX {\im 
MRA-MT iixM) 
MRA-CN {]LM) 



0 33 ±0.07 30.1 ±S-0 0J7 ±0.06 
0 0079 ±0.00! 7 0.020 ± 0.005 0.030 ±0.009 
0 0045 ±0.00 IS 0.0052 ± 0.0020 0.0088 ± 0.0009 



table 2 ID50 values after continuous incubation as determined in the 
MTA. Results are expressed as mean values (± SD) for 2-1 
experiments performed in quadruplicate ________ 
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MRA-CN, Ih 
I MHA-CN, cofTt. 
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Cell lines 



GLC4 



QLC4-Adr 



<3LC4'"CDDP 



GLC4 



GLC4"Adr 



GLC4-CDDP 



DOX (nM) 
VP-16 (mVO 
Camptothecin (nM) 
Methotrexate [pM) 
Cisplatin {\iM) 
MRA-CN (aM) 



32.5 ±2. J 
0.16 ±0.03 
6-1 ±2,5 
0.05 ±0.03 
0.90 ±0-07 
0.59 ±0-1 6 



3J32 
10.2 
7.6 ± 
0.J4± 

' 2.2 ± 
1.4 ± 



±336 
4- 2.4 



0.9 
0.04 
0.2 
0.4 



42.3 ± LO 
0.11 ± 0.02 

30.S ±14.4 
0.08 ± 0.02 

11.9 ± 2.2 
2.1 ± 1.4 



In the present study the role of MRA-CN and MRA-MT 
in cell lines with well-defined, different patterns of resis^ 
tance, namely, non-Pgp MDR and cisplatin resistance, was 
tested and compared with the cytotoxicity of these com- 
pounds in a sensitive cell line. 



Fig, 1 Cytotoxicity index (ratio of the ID50 for DOX versus the ID50 
for morpholino ahthrdcyclines' as determined in the MTA) obtained for 
each cell line 



To measure the effect of buthionine sulfoximine (BSC) pretreat-^ 
ment on MRA-CN-induced cytotoxicity, GLC4,. GLC4-Adr. and 
GLC4-eDDP cells were cultured for 48, 24, and 48 h, respectively, 
in the presence of 50 fiM BSC without growth delay or loss of viability. 
Subsequently, MRA-CN-induced cytotoxicity (conunuous mcubatjon) 
was measured in the MTA (;i =: 3-^4 experiments perfomaed m 
quadruplicate). 



Materials and methods 

0LC4 is a Pgp-negative human snfiaU-cell carcinoma ce!l line [19] and 
GLC4-Adr is the DOX-resistant subline of GLC4. It shows an atypical 
MDR phenotype with resistance" to DOX, vincrisime, VP- 16, and 
m-AMSA without mdr-l gene amplification or Pgp expression [ZUj. 
In GLC4-Adr, a membrane efOux pump different from Pgp anti 
overexpression of a mainly cytoplasmic llO^kDa protein detectable 
with the monoclonal antibody LRP-56 as well as overexpression of the 
new putative membrane transporter gene MRP were demonstrated 
[21'- 231 GLC4-CDDP is the cisplatin-resistant subhne ot 
with a 13 24'old resistance to cisplatin due to increased glutathione 
(GSH), unchanged glutathione S^transferase (GST), decreased DNA 
platination, and increased repair of platinum ^^^^''^^^j^^f:^^^^^^ 
isomerase II activity proved to be 100% in GLC4, 35% m GLC4-Adr, 
and 130% in GLC4-CDDP [26]. Topoisomerase I activity djd not differ 
among these cell lines 120]. GSH levels are 2.54ord higher in GLC4- 
CDDP and 2.1 -fold higher in GLC4"Adr as compared with GLC4; 
GST activity 1$ equal in GLC4 and GLC4-CDDP but is 1 .7-fold higher 
in GLC4-Adr [25, 27]. The doubling times of these ceUImes are as 
follows: GLC4, 16,5 h; GLC4-Adr, 2L8 h; and GLC4-CDDP, 28 O h 
125 28] All cell lines were cultured in RPMI 1640 medium and 10% 
fetal calf serum (PCS) at 37 ^C in a humidified atmosphere containing 

^'^'^A^drug^sensitivity assay was performed with the microculture 
tetrazoljum assay (MTA) as described previously [28]. To assure 
iineiirity the following numbers of cells per well (0. nil) were 
incubated: GLC4, 5.000; GLC4-Adr, 12,500; and GLC4-CDDP, 
15 000, Ceils were incubated with chemotherapeutic drugs either 
continuously for 4 days or for 1 h. When incubated for 1 h, theicells 
weie washed. All assays were performed two to se^^n times tn 
quadruplicate. The results are expressed as the mean (± ^t)) ^^^^^ 
required ^o inhibit the growth of each cell line by 50% (IDso vamesj. 



Resitits 

Tables 1 and 2 show the results of the 1-h and continuous 
incubations, respectively, in the MTA. Both morpholmo 
antbracyclines are much more potent than DOX in these 
cell lines. The cytotoxicity of the morpholinyl derivates is 
remarkable in the highly DOX-resistant GLC4-Adr line. In 
contrast, GLC4-CDDP is relatively more sensitive to DOX 
but less sensitive to MRA^MTand MRA-CN than is GLC4. 
This comparison of the cytotoxicity sensitivity of the 
different cell lines for DOX, MRA-MT, and MRA-CN is 
expressed in Fis: L In this figure the cytotoxicity mdex is 
shown, which represents the ratio of the IDso determined 
for DOX either after a l-h incubation or after contmuous 
incubation in a certain cell line versus the IDso found for 
MRA-MT or MRA-CN. This demonstrates the potency of 
MRA-MT and MRA-CN with respect to DOX but also 
gives an impression about the mutual efficacy of the two 
morpholino antbracyclines and about the possibly different 
results of short versus continuous incubation. In all cell 
Hnes the cytotoxic action of the morpholino compounds 
surpassed the cytotoxicity of DOX. For both MRA-MT and 
MRA-CN the cytotoxicity indices were lowest in GLC4- 
CDDP and highest in GLC4^Adr. In the Kh incubations. 
MRA-CN was LS-fold more active than MRA-MT m 
f GLC4, 3.4^fold more active in GLC4-CDDP, and 3.8-fold 
more kctive in GLC4-Adr. In GI.C4 and GLC4^Adr, l-h 
incubations of MRA-CN seemed more effective than 
continuous incubations, whereas in GLC4-CDDP there 
was no difference. 
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Tablets Cross-resistance factor of GLC4-Adr and GLC4-CDDP 
versus GLC4 for DOX, MRA^MT, and MRA-CN 



Cell lines 



GLC4-Adr GLC4^CDDF 



DOX 91 0,5 

MRA-MT 2.5 3,8 

MRA-CN 12 2.0 



a At the IDso as determined in the MTA (i h incubation) 



Table 4 Cross-resistance factors^ of GLC4'Adr and GLC4~CDDP 
versus GLC4 for DOX, VP-16, camptothecin, methotrexate, cispiatin 
and MRA-CN 





Ce)l lines 




GLC4-Adr 


GLC4-CDDP 


DOX 


115 


L3 • 


Vp-16 


64 


0.7 


-nptothecin 


L2 


5.0 


Methotrexate 


2.S 


1-6 


Cispiatin 


2.3 


13.2 


MRA-CN 


2A 


3.6 



^ At the ID50 as determined in the MTA (continuous incubation) 



The results of the MTA also led to cross-resistance 
factors, which are shown in Tables 3 and 4. The cross- 
resistance factors were calculated from the ratio of the ID50 
determined for a certain chemotherapeutic drug in GLC- 
Adr and GLC4-CDDP, respectively, versus the ID50 in 
GLC4. The cross-resistance for DOX in GLC4"Adr was 
remarkably reduced for both morpholino compounds. This 
was also the case for camptothecin. GLC4-Adr showed 
some cross-resistance for methotrexate and cispiatin but 
was highly. cross-resistant for VP-16. GLC4-CDDP was 
ielatively insensitive to the morpholino anthiacyclines as 
^ell as to camptothecin but was sensitive to DOX, VP- 16, 
and methotrexate. 

The effects of pretreatment with BSO on MRA-CN- 
luced cytotoxicity, expressed as dose-modifying factors 
at the ID50 as determined after continuous incubation in the 
MTA, were as follows: . GLC4. 0.90±0.06; GLC4-Adr, 
T04±0.02; and GLC4-C0DF, L18±0.26. Thus, BSO 
slightly increased MRA-CN-induced cytotoxicity in 
GLC4-CDDP cells- 



Discussion 

In our panel of cell lines, MRA;MT and MRA-CN are both 
very active chemotherapeutic drugs as .corhpared with 
DOX. Both drugs are inost active in GLC4-Adr, - the cell 
f line that is about 100-fold resistant to DOX, In this cell line, 
MRA-CN proved to be 5;790" and 2,590-fold nnore active 
than DOX after 1 h and continuous exposure, respectively. 
This is an interesting observation because of the remarkable 
properties of GLC4-Adn Hence, in the MDR H69AR celj 
line- which also overexpresses MRP [29], Cole (30] 
reported a relative lack of potency for MRA-CN. How-' 



ever, in this cell line, no DOX-accumulation deficit exists 
f29]. From our observations the conclusion might be drawn 
that MRP, just as Pgp^mediated MDR, does not seem to be 
involved in the sensitivity to MRA-CN. Moreover, these 
morpholino anthiacyclines circumvent altered topoisomer- 
ase II activity, as was demonstrated for their cytotoxic 
activity in the GLC4-Adr cell line. The relative lack of 
activity found for MRA-MT and, to a lesser degree, also for 
MRA-CN in GLC4-CDDP cells has not previously been 
described in a cisplatin-resistant cell line. Ripamonti et al. 
[13] reported an equivalent efficacy for MRA-MT in the 
wild-type and in the cisplatin-resistant murine leukemia cell 
line L1210. A 4-foId MRA-CN-resistant ES-2R cell line, 
however, also shows 7-fold . cross-resistance to cispiatin 
[31], The role of an enhanced amount of detoxifying 
activity, as has been reported for ES-2R as' well as for 
GLC4-CDDP, might play a^role in this cross-resistance 
between MRA-CN' and' cispiatin ^[3 1-33]. This jvas also 
partly suggested by the results of our experiments with BSO 
■ modulation on MRA-CN-induced cytotoxicity iii GLC4" 
CDDP cells. 

Concerning an elucidation of the working mechanisms 
of MRA-MT^ and MRA-CN in our cell lines, it is interesting 
that th^ cytotoxicity profiles of these drugs in the GLC4 ceil 
lines mimic those of camptothecin and differ markedly 
from those of VP-16, This confirms earlier observations 
in which the cytostatic action of morpholino and cyano- 
morpholino doxombicin was attributed to DNA topoisom- 
erase I-induced cleavage and not to topoisomerase 11- 
induced cleavage [15]. This finding has to be confirmed 
in other cell lines. 

In our cell lines the activity of MRA-CN was about 2.5- 
fold that of MRA-MT. Previously, MRA-MT was reported 
to be 3- to 15-foId more potent than DOX in various cell 
lines, whereas MRA-CN was 100- to 1, 000-fold more 
potent than DOX [9, 10], We found an increase in the 
cytotoxicity of MRA-MT versus DOX that varied between 
6™ and 1,300-fold, The reason why our observations differ 
from the previous reports is not clear, as a modest 
difference in potency between MRA-MT and MRA-CN 
was observed in all our tested cell lines. The duration of 
incubation of MRA-CN made no uniform difference in its 
cytotoxic activity. Althoug the cross-link formation induced 
by MRA-CN takes place much faster than that caused by, 
e.g., cispiatin, this apparently has no effect on its final 
cytotoxic potential. Because of the generally promising 
cytostatic potency of the morpholino anthracyclines, the 
results of clinical studies, of which only a few have been 
reported to date, are awaited with great interest [34, 35], 

In conclusion, MRA-MT and MRA-CN are highly 
potent chemotherapeutic drugs in a DOX-resistant cell 
line with overexpression of MRP arid lowered topoisomer- 
ase 11 activity. Cross-resistance for the morpholino anthra- 
cyclines was found in a cisplatin-resistant cell line, suggest- 
ing a role for detoxifying systems such as GSH and GST. 
Topoisomerase I-mediated cytotoxicity is i^uggested be- 
cause of the comparable cytotoxicity of the morpholino 
anthracyclines and camptothecin in the small-cell lung- 
cancer cell lines. MRA-CN is ca, 2.5-fold more active 
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than MRA-MT, whereas the duration of incubation does not 
play a uniform role in its cytotoxic potency. 
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Abstract 1 of 1 P 

Effects of morpholinyl doxorubicins, doxorubicin, and 
actinomycin D on mammalian DNA topoisomerases I and II 

K Wassermann, J Markovits, C Jaxel, G Capranico, KW Kohn and Y Pommier 

Division of Cancer Treatment, National Cancer Institute, National Institutes of Health, Bethesda, 
Maryland 20892. 

The effect of cyanomorpholinyldoxorubicin, morpholinyldoxorubicin, doxorubicin, and 
Actinomycin D were studied on purified mouse leukemia (L1210) DNA topoisomerases I and II 
DNA unwinding and cross-linking were also studied. It was found that 1) morphoUnyldoxorubicin, 
cyanomorpholinyldoxorubicin, and Actinomycin D (but not doxorubicin) stimulated DNA 
topoisomerase I-induced cleavage at specific DNA sites; 2) only doxorubicin and Actinomycin D 
stimulated DNA cleavage by DNA topoisomerase II; 3) at higher drug concentrations, DNA 
intercalators suppressed enzyme-mediated DNA cleavage induced by DNA topoisomerase I, as well 
as topoisomerase II; 4) only cyanomorpholinyldoxorubicin produced DNA-DNA cross-links; no 
DNA unwinding could be observed; and 5) DNA intercalation (unwinding) potency of 
morpholinyldoxorubicin was about 2-fold less than that of doxorubicin. The data indicate that some 
DNA intercalators are not only inhibitors of DNA topoisomerase II but act also on DNA 
topoisomerase I The stabilization of cleavage intermediates by intercalators may have a common 
mechanism for DNA topoisomerase I and DNA topoisomerase 11. 
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Abstract The morpholinyi analogues of doxorubicin 
(DOX) have previously been reported to be non™cross- 
resistant in multidrug resistant (MDR) cells due to 
,a lower aflfinity for P-glycoprotein relative to the parent 
compound. In order to further investigate the mecha- 
nisms of action of these morpholinyi anthracyclines, we 
examined their abiUty to cause DNA single- and 
double-strand breaks (SSB, DSB) and their interactions 
with topoisomerases. Alkaline elution curves were de™ 
termined after 2-h drug treatment at 0.5, 2 and 5 fiM, 
while neutral elution was conducted at 5, 10 and 25 \iM 
in a human ovarian ceil line, ES-2. A pulse-field gel 
electrophoresis assay was used to confirm the neutral 
eiution data under the same conditions. Further, K- 
SDS precipitation and topoisomerase drug inhibition 
assays were used to determine the effects of DOX and 
the morpholinyi analogues on topoisomerase (Topo) 
1 and IL Under deproteinated eiution conditions 
(pH 111), DOX, morpholinyi DOX (MRA), methoxy- 
morpholinyi DOX (MMDX) and morpholinyi 
oxaunomycin (MX2) were equipotent at causing SSB in 
the human ovarian carcinoma cell line, ES-1 However, 
neutral eiution (pH 9.6) under deproteinated conditions 
revealed marked differences in the degree of DNA DSB, 
After 2-h drug exposures at 10 ]iM, DSBs were 3300 
rad equivalents for MX2, 1500 for DOX and 400 for 
both MRA and MMDX in the ES-2 cell line. Pulse- 
field data substantiated these differences in DSBs, with 
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breaks easily detected after MX2 and DOX treatment^ 
btit not with MRA and MMDX, DOX and MX2 thus 
cause DNA strand breaks selectively through interac- 
tion with Topo II, bat not Topo L In contrast, MRA 
and Ml^DX cause DNA breaks through interactions 
with both topoisomerases with a predominant inhibi- 
tion of Topo L 

Key words Anthracyclines - DNA strand breakage- 
Morpholinyi doxorubicin - MX2 ■ topoisomerases 



Introduction 

The antineoplastic agent, doxorubicin (DOX), is im- 
portant clinically, but its use is Umited due to car- 
diotoxicity, myeiosuppression and multidrug resistance 
(MDR). In an attempt to overcome this drug resistance, 
Acton et al [1] synthesized a series of DOX derivatives 
with morpholinyi groups at the 3' position of the sugar 
moiety. These DOX analogues are non-cross-resistant 
in MDR variants in vitro, and have been shown 
to increase cellular accumulation of drug relative to 
the parent compound by tritiated and fluorescent 
assays [2-5]. These data suggest that the addition of 
the morpholinyi group alters the afiinity of DOX for 
P-glycoprotein, an ATP-dependent ef9ux pump en- 
coded by the mdrl gene [6-10], Also, these DOX ana- 
logues have been shown to be more lipophilic than 
DOX [1] and non-cardiotoxic at antitumor doses [2, 
3], Examples of these morpholinyi derivatives include 
morpholinyi DOX (MRA), methoxymorpholinyt 
DOX (MMDX), and morpholinyi oxaunomycin (MX2) 
{Fig. 1). 

Previously, we have demonstrated that the MRA 
and MMDX compounds can be activated by micro- 
somal metabolism and can crosslink DNA [11^ 12]. 
This activation is associated with a potentiation of 
their cytotoxicity in vivo and in vitro [13, 14], The 
closely related but extremely potent cyanomorpholiny! 
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Fig, 1 The chemical structures of DOX aod the morpboliayl an- 
thracyclines 



medimn supplemented with 10% newborn calf serum, 0,3 mg/l 
glutaminc, 100 U/ml penictllin/ml, and iOO mg/l streptomycin (all 
from GIBCO Laboratories, Grand Island, HY.). BS-2 ceUs were free 
of mycoplasma contamination as determined by the GEN-Probe 
hybridization assay (GEN-Prohe, San Diego, Calif). 



MTT cytotoxicity assay 

The cytotoxicity of DOX and the morpholino anthracyclines was 
determined using a modified MTT 3-{4,5-dimethylthiazoi(-2-yl,l- 
2,5-diphenyi-tetrazolium bromide assay [15], HS-2 cells were plated 
in 96-weH microtiter plates (Faicou, Bectoti Dickinson Co.; Lincoln 
Park, NJJ in 200 pi medium. After 24 h, the cells were exposed to 
drugs at the appropriate dilutions and aJlo^^cd to incubate for an 
additional 4S h (approximately two ceil- di.\tisions}. (MTT 20^1, of 
MTT 5 mg/ml in phosphate-buffered saline) was added to each weli 
and incubated at 37 ^C tn a humidified atmosphere containing 5% 
COj, After 3 h, the medium was aspirated ajsd 0.1 N HCl-isop- 
ropaaol solution was added in order to solubili^e the formazan 
crystals. Absorbances were read at 570 nm on a Molecular Devices 
U,V. Thermomax piultiwell spectrophotometer (Molecujar Devices, 
Menio Park, Califa). Bach drug was tested in quadruplicate and in at 
least three different experiments. Initial experiments indicated that 
48 h was suitable for measuring cytotoxicity, as further drug incuba- 
tion did not result in eijhanced cytotoxicity. 



derivative (MRA-CN) is capable of crosslinking DNA 
without microsomal activation [2], We report here 
a further study of these native morpholinyl DOX com- 
pounds (i.e, no microsoiBal bioactivation), DNA elu- 
tion assays were used in order to quantify the degree of 
single-strand breakage (SSB) and double-strand DNA 
breakage (DSB) induced after a 2-h treatment in 
a drug-sensitive human ovarian cei! line relative to the 
parent compound, and the results were confirmed with 
a pulse-field gel electrophoresis assay. Further, data 
from K-SDS precipitation assays for protein--DNA 
complexes and topoisomerase activity inhibition ex- 
periments suggest that MRA and MMDX induce DNA 
strand breaks through interaction with topoisomerase 
I (Topo IX while the mechanism of action for MX 2 
appears to be more similar to DOX and related to the 
inhibition of topoisomerase II (Topo 11). 



Materials and methods 

Drugs 

MRA was generously provided by Dr. E> M. Acton {Drug Synthesis 
aad Chemistry Branch, National Cancer Institute), MMDX was 
obtained from Fsirmitalia Carlo Erba Laboratories (Milano, Italy), 
MX2 was provided by the Kirin Company {Japan) and DOX was 
purchased as a commercial preparation from Adria Laboratories 
{Columbus, Ohio). Drug stock solutions were prepared in absolute 
etbanol at a concentration of LO mM and stored at - 20 ''C, 



Alkaline-fclution 

The alkaline elutioot technique employed was modified from the 
method of Kohn [16], BrieSy, BS-2 cells were labeled for 36-48 b 
with 0,01 \xC\/m\ of [methyl- ''^C] -thymidine and internal standard 
cells were labeled with OJ fiCi/ml [methyPH]4hymidine (both 
from Amersham Corporation, Arlington Heights, II). The cells were 
chased with coid medium overnight and then exposed to drug for 
2 h at 37 *C. In order to calculate radiation equivalents, one flask of 
'"^C-labeled cells was irradiated with 300 cGy usisag a mark 1, model 
25 cesium-t37 gamma-irradiating machine (J. L. Shepherd & Asso- 
ciated, Glendale, Calif). Internal control cells labeled with were 
irradiated with 400 cGy. Approximately 10 000 cpm **C-Iabelcd 
ceils and 20000 cpm ^H-labeled cells were loaded onto a smoke 
stack column with a 0.8 vinyl/acrylic copolymer Siter (DM 
Metrice) Biter, 25 mm; Geiman Sciences, Ann Arbor^ Mich). Cells 
were lysed by adding 2% SDS, 0.02 M EDTA at pH 10.0 in the 
presence and absence of 0.5 mg/ml proteinase K {Sigma Chemical 
Co., St Louis, M.) for 30 min; the lysate on the filter was washed 
with 0.02 M BDTA, pH 10.0. The elution buffer consisted of 0.02 M 
EDTA and 0.1% SDS, adjusted to pH 12.1 with tetrapropylam- 
monium hydrosiide (Eastman Kodak Co,, Rochester, N.Y.). 

A Ma^iostat cassette pump (New York, N,Y.) was employed to 
provide an eiution rate of Zml/h and 4-ml elution fractions were 
collected usiwg an LKB Super Rac fraction collector (LKB-Produk- 
ter, Bromma, Swedeis}. Ecoiite scintillation cocktail (ICN Biomedi- 
cals, Irvine, Calif.) was added to each fraction, as well as to the 
^ N HCI-treated filter. Dual radioactivity was counted using an 
LS-8000 counter (Beckman Instruments, Palo Alto, Calif.). Log- 
fractions of '*C retained against retained were plotted using an 
Excel program on a Macintosh computer. 



Neutral elution 



Cell culture 

The human ovarian carcinoma ccU line^ ES-2, was established in our 
laboratory and was grown as a monolayer culture in McCoy's 5A 



The alkaline elution procedure was followed with the following 
modifiEcatioTis. ' *C-labeled ES-2 cells were irradiated with 3000 cGy 
and ^H-labeled cells with 5000 cGy. The elution buffer consisted of 
0.02 M EDTA and 0.1% SDS, adjusted to pH 9.6 with tetrap- 
ropylammonium hydroxide for the detection ofDSBS. 
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Asymmetric field inversjorj gel electrophoresis {AFIGE) 

A modified AFIGE technique was followed for the quantification of 
DKA DSBs induced m ES-2 cells [17], E$^2 celis were labeled with 
[methyl-^ "^Cj-tbymidine for 24 h followed by 2-h drug incubations. 
Cells were then cast in a 1% insert agarose (Scakem), and lysed in 
a 1% sodium lauryl sarkosine, 0.5 M BDTA and 1 m|/m! proteinase 
K solution at 50 *C overnight. The cells were treated with 100 |ig/ml 
DKase-free ribonudeasc A for 4 h at 37 X. The O.S% (w/v) agarose 
gel in 0.5xTris-borate/boric acid (TBE) buJTer was run at 900s 
forward pulse time at 1.25 V/cm and 75 s backward pulse time at 
— 2.5 V/cm for a total electrophoresis time of 33 b. The agarose 
plugs were tben removed from the gel, treated with 10 N HCI and 
melted on a hotplate. JBcolite scintillation cocktail was added to each 
and read in a Beckman LS-8000 counter. Quantification of DNA 
DSBs was deternntined by calculating tlie percentage of DNA re- 
leased from the agarose plugs using an Excel program on a Macin- 
tosh computer. 



K-SDS precipitation assay 

The topotsomerase assay of Rowe et al [IS] was used with some 
modification. BrieSy, ES-2 celts were labeled with I pCi/ml of 
tmeChyl-^H]-thymidinc for 24 h. Cells were then washed once in 
PBS and exposed to tlie appropriate drug dilution {10 jiM for each 
cytotoxin tested) for 1 U at 37 "C in an atmosphere containing 5% 
COj. The medium was subsequently aspirated and ceUs lysed with 
a 1.25% SDS, 5 mM BDTA (pH 8.0) supplemented with 0.4 mg/ml 
saimon sperm DMA. After shearing the DNA, cell lysates 
were transferred to l.5-ml Bppendorf tubes containing 200 jil 
325 mM KCl Each tube was maintaiined at 65 *C for 5 min and then 
cooled on ice for an additional 10 min. Tubes were then spun at 
1 0000 g for 2 min at room temperature in an Eppendorf centrifuge. 
The supernatants were aspirated and pellets washed twice with 
10 mM TriS'^HCi (pH &.0), 100 mM KCl, i mM EDTA. supple- 
mented with 0.1 mg/ml salmon sperm DNA. The suspension was 
cooled on ice and spun at 10000 g. The pellet was resuspended in 
500 \i\ HjO and maintained at 65'^C until the pellet was dissolved. 
After the suspension was transferred to a scintillation vial, 10 ml 
Ecoiite cocktail was added to each and was counted in a Beckman 
LS-8000 counter. The percentage of specifically precipitated DNA 
was calculated using an Excel program on a Macintosh computer as 
follows: 



% precipitated : 



CountSt,,t,j - Counts,,„^Tn^ 
CountSpt,i,j - Counts 



xlOO 



Topoisomerasc X/n drug screening 

The induction of cleavage complexes by Topo I and II was studied 
using drug screening assay kits purchased from TopoGEN {Colum- 
bus, Ohio). Briefly, purified human DKA Topo I (10 units) was 
incubated with 0.25 ^ig of supercoiled pHOT plasmid {form I DNA) 
with a specific cleavage site for Topo I in a buifer containing 10 mM 
Tris-HCl (pH 7.5), t mM EDTA and 100 mM NaCl Drugs were 
added to the mixture to final concentrations of OJ, 0.5» 0.75 and 
I pM and incubated at 37 ''C for 30 min in a Perkin Elmer 9600 
DNA thermal cycler {Norwalk, Ct.). Camptothecin (CPT) was used 
as a positive control drug for the inhibition of Topo I activity. The 
reaction mixture (20^1) was stopped by the addition of 10% SDS 
and proteinase K {50 p. g/ml) followed by extraction with chloro- 
form and tsoamyl alcohol {24; 1 v/v). 

For the Topo II assays, 4 units of human Topo U was incubated 
with a supercoiled DNA substrate ipRYO DNA) containing a single 
Topo 11 cieavagesite in the presence and absence of drug for 30 min 
at 37 "C. VM-26, a known Topo 11 inhibitor, was used as a positive 



control. The bu0*er for the Topo 11 assays consisted of 30 mM 
Tris-HCl {pH 7.6), 3mM ATP, 15 mM mercaptoethanol, SmM 
HgClj and 60 mM KaCl. The assay was extracted as described 
above and the samples were then analysied by agarose (1%) gel 
electrophoresis at 1.5 V/cm in 4 x Tris-acetate/EDTA (TAE) buffer. 
DNA was visualized by ethidium bromide staining. 



Results 

The in vitro cytotoxicity data for DOX and its mor- 
pholinyl derivatives in the ES-2 cell line are sum- 
marized in Table L MMDX was-:.the most potent, 
followed by MRA and DOX, while-MX2 was only half 
as potent as the parent compound. The three mor- 
phoiinyl drugs v;^ere nqn-cross- resistant in our DOX- 
selected MDR variant^ [5].-;' 

In order to further in.vjes'tigate the mechanism{3) of 
action for these compounds; DNA eiution studies were 
conducted and' the alkaline eiution profiles of ES-2 cells 
are shown in Fig. 2, After 2-h drug incubations, pro- 
tein-associated DNA SSBS appeared to peak at 2 \iM 
for DOX, MMDX and MX2, while MRA .continued to 
show ajinear increase in DNA SSBs at 5 iiM. With 
the exception of MRA, DOX and its morpholinyi 
derivatives appeared to reach a maximum number of 
SSBs at approximately 200 rad equivalents (Table 2). 
The neutral eiution profiles under deproteinated 
conditions are shown in Fig. 3. Interestingly, MX2 
induced the greatest number of protein-associated 
DNA DSBs in the ES-2 cell line, followed by DOX. 
MRA and MMDX induced only a fraction of the DSBs 
as compared to the parent compound or MX 2. MX 2 at 
25 \iM surpassed the 5000 cGy control in its ability to 
cleave DNA. DOX, on the other hand, reached its 
maximum DSBs at 10 j^M, producing approximately 
1500 rad equivalents (Table 3). MRA and MMDX both 
reached a plateau at iO iiM with approximately 300 
rad equivalents. 

To verify the results found with neutral eiution, we 
employed the technique of AFIGE or pulse-field gel 
electrophoresis. The same drug concentrations were 
used in ES-2 cells for 2-h drug incubations in order to 
determine the percentage of DNA released under de- 
proteinated conditions. The pulse-field gei profiles sub- 
stantiated our eiution data (Fig. 4), demonstrating that 
MX2 was clearly the most potent in causing DNA 
DSBs, DOX-induced DSBs were significant, while 
strand breaks in ES-2 cells treated with MRA and 
MMDX were hardly detectable in this assay. In these 
experiments, however, all compounds appeared to have 
induced the maximum number of DSBs at 5 [iM, with 
18% DNA released from the agarose plugs in cells 
treated with MX2 (Table 4). DOX resulted in approx- 
imately 14% DNA released, while both MRA and 
MMDX released only 1.8 and 1.6%^, respectively. Al- 
though this assay substantiated our results in terms of 
the total amount of DNA released post-drug treatment. 



Tabic i Cy totoxidty of DOX and the morpholiDy I anth racyclines m 
the K$-2 cell line after 48 h drug exposure. Each ICs<^ valutj repres- 
ents the mean of at least four cxperiinents ± SD 



Drug 


IQ, (nMY 


Potency ratio" 


DOX 


78 + 7,0 


i.O 


MRA 


29 + 5.0 


2.7 


MMDX 


Z7 0.3 


29 


MX2 


170 + 19 


0.5 



^Rdative to the IC50 for DOX 



400 f 




0 1 2 3 4 s 6 



Drug Concentration 

Fig. 2 The alkaline elutmn (pH 12.1) profiles of ES^2 ceHs treated 
with DOX (OX MRA (O), MMDX (A) or MX2 (A) under de- 
proteiuated conditions 



Tabk2 DKA single strand breaks induced in the BS-2 cell line after 
2-h exposures to DOX and the morpholinyl anthracyclines. The 
data are expressed as rad equivalents. Each value represents the 
mean of at least two experiments ± SD 



Concentration 


Drug 








DOX 


MRA 


MMDX 


MX2 


0.5 


78 -^ 1.4 


92 + 52 


200 + 28 


39 + 2.1 


2.0 


200 + IS 


210 4-51 


210 -f 66 


170 + 21 


5.0 


220 ± 37 


340 + 37 


220 + 40 


200 + 19 



the neutral elution technique provided a better method 
of quantitating the degree of DNA DSB produced by 
these compounds because of its ability to measure 
DNA DSB over a time course (five fractions over 10 h). 
In this v^ay, one could detect subtle differences after 
various stages of DNA elution impossible using the 
AFIGE technique. 

Therefore, DOX, MX2, MRA and MMDX all cause 
protein-associated DNA SSBs to the same degree, but 
MX2 and DOX are more potent at causing DNA 
DSBs. These results suggest that MRA and MMDX 
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Drug Cottcefttratton i^U) 

Fig. 3 The neutral elution (pH 9.6> profiles of ES-2 cells treated with 
DOX (O), MRA (O), MMDX (A) or MX2 (A) under deproteinated 
conditions "'^ 



Table 3 DNA double strand breaks induced tn the E$'2 cell line 
after 2-h exposures to DOX and the morphoiinyl anthracyclines. 
The data are expressed as rad equivalents. Each value represents the 
mean of at least two experiments + SD 





Drug 








Concentration 


DOX 


MRA 


MMDX 


MX2 


(MM) 










5 


1490 + 350 


306 ±31 


355 + 32 


2590 + 19 


10 


1520 + 220 


270 + 110 


529 + 71 


3340 + 180 


25 


1370 + 270 


370 ± 230 


315 + 76 


5320 + 250 



may cause DNA strand breaks through interaction 
With Topo I, and that both MX2 and DOX interact 
with Topo IL K-SDS assays for the quantification of 
covalently linked Topo I- and II-DNA precipitates 
were consistent with this hypothesis. MRA and 
MMDX precipitated significant amounts of DNA lin- 
ked to protein in whole ES-2 cell preparations relative 
to CPT, a compound known to interact with Topo 
1 (Fig. 5). Likewise^ MX2 and DOX precipitated signifi- 
cant amounts of DNA relative to YP16 used as a posit- 
ive control 

Further, topoisomerase drug screening assays also 
suggested that MRA and MMDX interact with Topo L 
MRA and MMDX stimulated the formation of cleav- 
able complexes in a dose-dependent fashion, resulting 
in an increase in the amount of nicked, open circular 
form of DNA. Also, these drugs inhibited the conver- 
sion of supercoiled (form I) pHOT DNA to relaxed 
DNA topoisomers normally seen after Topo I incuba- 
tion (Fig. 6), while incubation with DOX and MX2 
had no effect at the same drug concentrations. Treat- 
ment with CPT resulted in an increase in the amount of 
open circular DNA from relaxed topoisomers at 
0,1 mM. 
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Fig. 4 Pulse-field gel 
declrophorosts analysis of ES-2 
ceHs treated for 2 h with DOX or 
the morpholinyl anthracydincs 
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Table 4 DNA double strand breaks induced in the ES-2 cell line 
after 2-H exposures to DOX and the morpholinyl anthracyclines 
analyzed by pulse field gel electrophoresis. The data arc expressed as 
the percentage of labeled DNA released from the loading well into 
the gel. Each value represents the mean ± SD of at least three 
experiments 

Drug 



Concentration DOX 



MRA 



NMDX MX2 



5 

10 
25 



142 ± 0.5 LS ± 0.4 L5 ± 02 17,8 + L6 
1L8±«4 L7±0.7 L4±0.X 14.2 + 1.9 
12.0 + 0.6 1.2 ± 0.5 L9 ± 0.7 153 ± 2.5 



In the Topo II assays, DOX and MX 2 inhibited the 
complete conversion of form I DNA to relaxed 
topoisomers, resulting in an increase in linear DNA 
stimulated by the formation of cleavable complexes 
when incubated with the purified human enzyme in the 
presence of supercoiled pRYG DNA (Fig. 7). VM-26, 
another known Topo II inhibitor was used as a positive 
control. Treatment with this compound resulted in 
cleavable complex formation in the form of linear DNA 
at a concentration of 0-1 \iM. At lower concentrations 
( 0,1 \iM\ treatment with DOX and the morpholinyl 
anthracyclines resulted in the formation of cleavable 
complexes, whereas higher concentrations '(0,5 to 
LO^M) prevented the enEyme from binding to DNA 
resulting in supercoiled form I DNA. 



Discussiofi 

Extensive studies of the effects of DOX on DNA have 
revealed that it binds to DNA via intercalation [19], 
subsequently poisoning Topo II [20] and causing pro- 
tein-associated DNA strand breakage [21]. Several 
DOX analogues have been synthesized to overcome its 
cardiotoxic and myelosnppressive effects upon clinical 
administration. Some analogues, especially those with 
substitutions at the 3' amino position of the 
daanosamine sugar, also show a decreased afiftnity for 
the drug transport pump, P-glycoprotein, improving 




VP-16 



DOX 



MX2 




CPT 



Fig. 5 A, B Tormation of stabilized cleavable complexes in ES-2 cells 
exposed to 10 pM of the appropriate drug for 1 h at 37''C as 
described in the Materials and methods. A VP- 16, DOX and MX2; 
or B CPT, MRA and MMDX These data are expressed as the mean 
of four independent experiments calculated as the percentage of 
DNA specifically precipitated 



intracellular drug accumulation and in vitro cytotoxi- 
city in MDR models [22], 

In the present study, the DNA SSB produced by 
MMDX and MRA differed significantly from that of 
the parent compound and MX2. MMDX induced 
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FSg. 6 pHOT plasmid (form 
I DMA) exposed to human 
topoisomerase I 4; DOX or the 
morpholinyl anthracyclines (0.1, 
0.5, 0-75 and 1.0 \iM). CPT was 
used as a positive control for 
Topo I inbibitioj) (0.05 to 
0.2 mM) 
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Fig. 7 Supercoiled pRYG BNA 
exposed to human Topo 
If ± DOX or the morpholinyl 
anthracycliues (O.I, 0.5, 0.75 and 
l.OpiMl VM26 was used as 
a positive controi for Topo II 
inhibition (0.05 and O.I \xM) 



Form I DNA Topo li + Drug 



oox 
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' MMDX 



higher levels of SSB than DOX at lower drug concen- 
trations {Tables 1, 2; Fig, 2), Specifically, MMDX in- 
duced 2.5 times higher SSB than DOX at 0,5 \xM, 
which was reflected in MTT assays where MMDX was 
29 times more potent than the parent compound. Like- 
wise, MRA induced higher amounts of SSB at the 
higher concentration of 5.0 \xM, and was 2J times more 
potent than DOX after 48 h drug incubation in our 
cytotoxicity assays. 

The MRA and MMDX compounds failed to induce 
'\ any significant DSB in our neutral elution and pulse- 
field electrophoresis assays. In contrast, DSBs induced 
by MX2 and DOX were readily detectable by both 
techniques. This difference in SSBs and^ DSBs 
indicates that MRA and MMDX may work 
primarily through Topo I since the dominant 
DNA lesion produced was an SSB. Indeed, our drug 
inhibition topoisomerase assays provide direct evid- 
ence that MRA and MMDX cleavage is associated 
with Topo I, and that MX2 cleavage is associated with 
Topo IL 

Wasserman et al have previously reported on the 
effects of MRA on purified mouse leukemia L12I0 
DNA Topo I [23]. MRA treatment (1-2 \iM) resulted 
infokl DNA cleavage at position 4955 as well as two 
novel areas at positions 4975 and 5007 relative to the 
cleavage pattern usually observed post-CPT exposure. 
MRA also suppressed cleavage at position 4997 in 
a manner similar to CPT, with total suppression of 
Topo I-mediated cleavage at higher concentrations in 
a dose-dependent manner. In similar assays with purifi- 



ed Topo II, MRA failed to have any effect, while DOX 
stimulated Topo II cleavage and failed to induce Topo 
1-associated strand breaks. The cyanomorphohnyl de- 
rivative also failed to have any inhibitory effects on this 
enzyme in the study by Wasserman et al, but stimu- 
lated Topo Il-mediated cleavage in a manner similar to 
DOX under the same conditions. The presence of the 
a-cyano group on the morphoiinyi moiety results in 
a completely different mechanism of action. MRA-CN 
causes DNA-DNA crosslinks in the ES-2 cell line quite 
like the bioactivated MRA and MMDX compound 
upon incubation with human liver microsomes in the 
presence of NADPH [24]. Further, Capranico et al 
found that the morphoiinyi group must be at the 3' 
position in order to form cleavable complexes since 
derivatives with the moiety at the 4' position of 
DOX failed to stimulate DNA cleavage and trap 
topoisomerase [25]. 

There are other fundamental differences between 
DOX and the morphoHno anthracyclines. Data suggest 
that morphoiinyi substitution has a profound effect on 
ribosomal gene transcription [26]. In contrast to stud- 
ies with DOX, MRA has been reported to have potent 
inhibitory effects on ribosomal RNA transcription, 
while the Topo I inhibitor CPT has been shown to 
inhibit the synthesis of the 45 S rRNA precursor [27], 
These effects have been observed in another antineop- 
lastic agent, actinomycin-D, which induces Topo I-as- 
sociated DNA strand breaks [23] and has been shown 
to inhibit ribosomal gene transcription [25]. ThuSj 
there may be a significant correlation between the 
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effects on Topo I and the inhibitory effects on rRNA 
transcription. 

Finally, since the doable-strand lesion is generally 
considered to be the most lethal, one might expect that 
MX2 wou!d be the most potent compound in our 
cytotoxicity testing^ since it was the most potent in 
causing DNA DSBS< Yet, MX 2 was only half as potent 
as DOX in vitro. Although the reasons for this discre- 
pancy are not known, possible explanations include 
differentia! repair of MX2 DNA damage and different 
specificity for DNA sequences or topology* These ex- 
periments provide further evidence that minor alter- 
ations either on the morphoiinyl. moiety or on the 
anthracyciine profoundly affect the interaction of these 
compounds with DNA and topoisomerases. 
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Growth-inhibitory properties of novel anthracyclines in human leukemic cell 
lines expressing either Pgp-MDR or at-MDR* 

Mariani M, Capolongo L, Suarato A, Bargiotti A, Mongelli N, Grandi M, Beck WT. 

Pharmacia-FannitaHa Carlo Erba, R&D/Experimental Oncology Laboratory, Milano, Italy, 

The objective of the experiments reported in this paper was the identification of prornising 
anthracycline analogs on the basis of lack of cross-resistance against tumor cells presenting either 
P-glycoprotein multidrug resistance (Pgp-MDR) or the altered topoisomerase multidrug resistant 
(at-MDR) phenotype. Differently modified anthracycline analogs known to be active against MDR 
cells were assayed in vitro against CEM human leukemic cells, and the sublines CBNWLBIOO 
and CEM/VM-1 exhibiting respectively the Pgp-MDR and the at-MDR phenotype. Two classes of 
molecules, in which the -NH2 group in C-3' position is substituted with a morpholino, 
methoxymorpholino (morpholinyl-anthracycline), or an alkylating moiety, present equivalent 
efficacy in tlie drug-sensitive and the two drug-resistant sublines. Thesg rggults indicate that such 
molecules may exert their cytotoxic effecL , -faO-Ug^ ^ mode of action different from that of 
"classicaV' anthracycline through topoisomerase II inMbition. Both m 

represent novel concepts in the field of new anthracyclines deny^^ 
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INTRAHEPATIC ARTERIAL INFUSION CHEMOTHERAPY IN PRIMARY 
AND METASTATIC HEPATIC CARCINOMA 

USSR AU-Union Scientific Center for Oncology, Academy of Medical ScienceSj 
Moscow 

The objectives of long-term clinical use of arterial chemotherapy in treating liver 
cancer are: first, tp produce constant cytostatic concentrations and prolong exposure of 
the tumor in order to enhance the effectiveness of antineoplastic therapy; second^ to 
reduce toxicity of cytostatic therapy by reducing drug concentrations in the blood; thirds 
to use intrahepatic arterial infusion chemotherapy (lAIC) to facilitate the achievement of 
ultrahigh concentrations of antineoplastic agent in the tumor-affected organ and increase 
the objective response rate [1, 2^ 5], 

lAIC is currently widely used to treat patients with primary and metastatic hepatic 
carcinoma; according to various authors [3-7] its overall effectiveness ranges from 8 to 
90%, and averages around 50%. 

The effectiveness and toxicity of three lAIC regimes (110 courses) in 60 primary 
and metastatic liver cancer patients (see table) was studied at the chemotherapy 
department of the USSR All-Union Scientific Center for Oncology, Academy of Medical 
Sciences, The patients were from 16 to 90 years old. Prior to beginning lAIC, 42 patients 
had received adequate regimes of systemic chemotherapy without effect. 

Distribution of patients by diagnosis 



Clinical diagnosis Number of patients 



Primary hepatic carcinoma 1 5 

Metastatic hepatic carcinoma: 45 

breast cancer 18 

colon cancer 22 

stomach cancer 3 

lung carcinoid 1 

ovarian cancer 1 



All patients had subtotal or total neoplastic involvement of the liver, Laparoscopy, 
ultrasound, emission computed tomography, angiography and x-ray computed 
tomography of the liver revealed that the minimum dimensions of neoplastic involvement 
in the primary cancer patients were 1 1x1 1 cm; maximum dimensions were 25x30 cm. A 



ftmdamental consideration is that no patients in this study had tumors less than 5 cm. in 
size. 

To carry out I AIC in the angiography room, percutaneous femoral Seldinger's 
catheterization was applied, with the distal tip of the catheter placed in the main hepatic 
artery system. Catheter position was monitored every 48 hours. Uninterrupted arterial 
delivery of cytostatic agent was accomplished using Soviet-produced type DLV-1 [2] 
portable drag dosing devices. 

The following I AIC regimes were used : for inoperable primary hepatic cell 
carcinoma and breast carcinoma metastases in the liver ^^-^hour adnaMj^c^ 
3Q^mg/wrif24 in colon carcinoma metastases in the liver - 96-hour 5-fluorouracil 
infusion at 1 000 mg/m^/24 (II); as a 0 line regime when regimes I and II proved 
ineffective ™ .lOQ-hptn'inM^ ih-filkiiT^iytically^i^^ 

ijiponiy^4^^ 5-fliK)rouracil at 1000 mg/m^/24 on days 2, 3, and 4 and platidiam at 

100 mg/m'^/24 on day 5, Platidiam was administered following two hours of intravenous 
hyperhydration with 1600-2000 ml (III), 

Adriamycin and 5-fluorouracil were administered at a rate of about 16-17 ml/hr 
and platidiam at the rate of 200 ml/hr. The interval between I AIC courses averaged four 
weeks. 

Two vicalin tablets 3 times per day were prescribed during infusion and for 7-10 
days thereafter to prevent local gastric toxicity. The catheter was flushed 2-3 times daily 
with 5000 ED of heparin solution to prevent thromboses. The lower extremities were 
stabilized throughout the infusion to prevent the catheter from shifting due to its 
percutaneous femoral placement. 

Efficacy and toxicity were assessed according to WHO recommendations using x- 
ray computed tomography and liver angiography prior to each course of lAIC. Minimal 
regression (less than 50%) and stabilization were used to more accxirately characterize the 
dynamics of the disease during treatment. 

Twelve patients with primary inoperable hepatic carcinoma who received 17 
courses of 72-hour adriamycin infusions were assessed. No objective responses were 
observed in this group. A minimal short-term effect was recorded in two patients (16%), 
and stabilization and advancement in five patients (42%), In the case of lAIC with 
adriamycin, two out of four patients with positive alpha-fetoprotein (AFP) values showed 
a lowering of those values, while AFP indicators remained unchanged in the other two. 

The 72-hox3r adriamycin lAIC regime was evaluated in 16 patients with hepatic 
metastases from breast cancer. A partial response was obtained in five patients (31%), 
Partial regression lasted 9.5 months (4-12 months) on average: in two patients it persisted 
after +6 and +12 months. 

Aside from its regional action^ administering adriamycin into the hepatic artery 
system also possesses systemic antineoplastic effects: two patients displayed long-term 
partial regression of pulmonary and bone metastases of breast cancer. 

The results of using 96-hour intra-arterial infusion of 5-fluorouracil were assessed 
in 20 patients with metastases of colon cancer in the liver. A partial response was 
observed in two patients (10%), minimal regression in three (15%), stabilization in eight 



(40%) and progression in seven (35%). With 5-fluorouraciI lAIC, extrahepatic 
progression in the form of metastases in the lungs and skeletal bones was noted in 25% of 
the patients, indicating the need to develop new regimes that prudently combine regional 
and systemic chemotherapy. 

The FAP regime was a II line scheme for 1 1 patients with hepatic metastases of 
colon carcinoma and for three breast cancer patients with metastases in the liver who had 
previously received lAIC with adriamycin (I) and 5-fluorouracil (II) without effect; no 
objective responses were achieved in these patients. Stabilization was observed in 60% of 
the patients, and progression in 40%. 

For eight patients with primary and metastatic liver cancer the FAP regime was a 
line I scheme; a partial response, which lasted 12 months, occurred in one patient with 
inoperable hepatic cell cancer, and minimal effects were recorded in one patient with 
metastases of gastric carcinoma in the liven 

Regarding the toxicity of the three lAIC regimes, the typical features of general 
cytostatic toxicity appeared, considering the antineoplastic drugs used. For example, 
grade II-IV leukopenia was observed in 50% of the patients who underwent lAIC with 
adriamycin (I), grade II-III alopecia in 100%, stomatitis in 20%, and esophagitis in 10%. 
After infusion of 5-fluorouracil, grade II leukopenia was noted in 5% of the patients and 
diarrhea in 14%). When the FAP regime was used, leukopenia was observed in 32% of the 
patients, gastrointestinal toxicity in 100%, and nephrotoxicity in 23%. 

Local lAIC toxicity involving the gastrointestinal tract occurred in two (3%) of 
the 60 patients in the fonn of iatrogenic gastric ulcers and acute erosive gastritis after the 
use of intra-arterial adriamycin infusion. Transient hepatic insufficiency (THI), 
manifested by suppression of the liver's ability to synthesize protein, should be 
considered yet another manifestation of local toxicity; it was observed in 33% of the 
patients.THrwas; pbsOT^ m,56%'0f itto in 27% 

when the FAP regime was used, and in 5% of those subjected to 5-fiuorouracil infusion. 
Scarry stricture of the proper and/or common hepatic artery was observed in three 
patients (4%): in two patients with metastases of breast cancer in the liver after 72-hour 
adriamycin infusion and in one with metastases of colon cancer in the liver after a single 
course of 96-hour 5-fluoracil infusion. 

Thrombosis of the hepatic artery occurred in two (3%) of the 60 patients and 
cathet^fhrpnib five (7?i>j^ The low incidence of thromboses was largely a result of 
the technical characteristics of the dosing devices used, which made it possible to infuse 
at fairly high solution feed rates. 

One possible downside, of I AIG is the ferii6.fal| percutaneous p^ 
0^theter, which r of thp lower extrmiities thit)ii^ 

pr6b«S; in order ^to catheter from shifting and form the p^atierits ;t^ 

^ipi^)ne In general the patients tolerated the restriction 

of movement fairly well^ and the forced hypodynamics did not cause patients to decline 
further lAIC courses. At the same time, two patients (3%) experienced urinary difficulties 
that required catheterization. 



Findings 

1 . The 72-hour lAIC regime with adriamycin at the dosage of 30 rrig/m^/24 hr had 
a moderate therapeutic effect in patients with metastases of breast cancer in the liver 
(partial regression in 31%) and minimal antineoplastic effects in primary inoperable 
hepatic carcinoma. 

2. The 96"hour lAIC regime with 5-fluorouracil at the dosage of 1 mg/mV24 hr, 
used in patients with colon carcinoma metastases in the liver, was characterized by 
relatively low efficacy (10%) and toxicity, which suggests the possibility of increasing 
the total dosage and lengthening the time of intra-arterial infusion. 

3. In patients with primary and metastatic liver cancer who had previously 
undergone lAIC with 5-fIuorouracil or adriamycin, the use of intra- arterial infusion in an 
FAP regime as a II line scheme proved unsuccessful 

4. Manifestations of local lAIC toxicity, catheterization complications and the 
catheters embedded in vessels for long periods were monitored. Catheter placement rules 
and techniques were followed, catheter position was checked in a timely fashion, catheter 
care rales were observed, and gastric protectors were used. 
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